We presented a novel fuzzy multicriteria decision making approach to evaluate and rank organizational resilience factors with respect to user preference orders. Due to vagueness of the decision data, the precise numerical data are inadequate for real-life business situations. Human judgements can be expressed by linguistic expressions which are modeled by fuzzy sets. The complexity of the considered problem calls for analytic methods rather than intuitive decisions. Two fuzzy multi-criteria methods are proposed for solving the treated problem: Fuzzy Analytic Hierarchical Process (FAHP) is applied to determine the relative importance of business processes and the relative importance of organizational resilience factors under each business process, and an extension of the fuzzy Technique for Order Preference by Similarity to Ideal Solution (FTOPSIS) is applied to rank the organizational resilience factors. With respect to complexity and the type of considered management problem, we introduce a modified fuzzy decision matrix. The proposed algorithm has efficiently been applied in the assessment of organizational resilience factors to small and medium enterprises of the process industry.
Introduction
In the last few decades, theory and good practice of management have shown that the concept of organizational resilience has been employed in order to establish mechanisms for overcoming crisis and emerging disorder. Organizational resilience includes the ability of an organization to withstand systematic discontinuities, and the capability to adapt to new environments has emerged from different risk sources [1] . The different issues, such as the size of an organization, economy branch, or supply chain positions, have not allowed the setting of a scientific consensus nor the constituent elements of organizational resilience. Market demands often introduce complexity and variable business conditions where the sources of risk need to be managed in the long term, in order to ensure sustainability and enhance overall quality [2] . A high competitive edge can be achieved by applying an adequate business strategy which may be based on the ranking of organizational resilience factors [3] . The organizational resilience potential has to be continuously enhanced and its value may be analysed through the appropriate resilience factors.
In this paper, the problem of evaluation and ranking of organizational resilience factors set in small and medium enterprises (SMEs) of the process industry is considered. SMEs that belong to the process industry may produce different products, for example, mining and mineral, food and beverage, pulp and paper, chemical products, basic metal, or other process industry products. SMEs are recognized as an important sector in the industry of developing countries or as the policy in developed countries aiming to stimulate entrepreneurship in Europe where they form the backbone of the EU economy accounting for 99.8 per cent of nonfinancial enterprises in 2012, which equates to 20.7 million businesses [4] . Clients' expectations all over the world have significantly increased during the last decade, so SMEs have to be innovative and adapt to new challenges [5] by combining old and new business models and organizational resilience enhancement. Having in mind the interconnected nature of business and production processes in this type of industry, it is clear that achieving resilience of such organizations is very important issue. The motivation for this work came from the fact that there is no accepted model for ranking organizational resilience factors in one organization, since there are no universal organizational resilience assessment models [6] .
Uncertainties in the relative importance of business processes, the relative importance of organizational resilience factors with respect to each business process, and organizational resilience values are judged by decision makers. Decision makers express their judgements far better by using linguistic expressions than by representing them in terms of precise numbers. In this paper, modeling of linguistic expressions is based on the fuzzy set theory [7, 8] . Fuzzy set theory supports the subjective natural language descriptors of organizational resilience and it provides a methodology for allowing subjective natural language descriptors to enter into the modeling process. The fuzzy set theory resembles human reasoning in its use of approximate information and uncertainty to generate decisions.
The treated issue can be stated as a multicriteria optimization problem task. One of the most outstanding multicriteria methods is the Analytic Hierarchical Process (AHP) [9] and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) [10] . In many papers, which can be found in the literature, the different multicriteria problems are solved by the proposed two-stage method. At the first stage, either the AHP or fuzzy AHP (FAHP) method is used to determine the weight of the treated criteria [11] [12] [13] . At the second stage, TOPSIS or fuzzy TOPSIS (FTOPSIS) is used in order to determine the best alternative with respect to all the treated criteria, simultaneously, as well as their relative importance. In the literature, there are numerous applications of two-stage methods within the several aspects of management.
The main objective of this work is to determine the rank of organizational resilience factors on the level of enterprise (SME) by using the proposed FTOPSIS. This should enable a wide base for benchmarking the similar organizations and the enhancement of their overall resilience potential.
The paper is organized in the following way. Section 2 gives a brief literature review in the analysed scientific field. Section 3 reviews the concepts of the proposed analytic method framework. The handling of uncertainties in the relative importance of business processes, the relative importance of organizational resilience factors with respect to each business process, and organizational resilience factor values are presented in Section 4. In Section 5, we present an algorithm to extend TOPSIS to deal with fuzzy data. Section 6 presents an empirical application of the proposed method for the selection of organizational resilience factors in the process industry. Finally, a discussion of research and conclusions are presented in Section 7.
Related Work
In order to keep the assessment consistent during a defined period of time, the ranking should be done on the level of organizational units with assets that can be influenced by managers [3] . There are a lot of variables that may influence resilience of the identified critical processes [14] and the overall resilience of an organization.
A brief literary review of papers dealing with the evaluation and ranking of different items by the fuzzy AHP and fuzzy TOPSIS approaches is given further in the paper. In [15] the determining of criteria weights and alternative values are stated as group decision making problems. The fuzzy rating of these values is described by five predefined linguistic expressions which are modeled by triangular fuzzy numbers which are defined in interval [0-1]. By using the linear normalization method [16] , the normalized decision matrix is obtained. FPISs and FNISs are calculated by applying the six different approaches presented in the literature. The rank of alternatives is obtained by using a comparison of each alternative with the veto threshold defined for each criterion. In [11] the performance rating of each alternative with respect to each criterion and the fuzzy rating of criteria weights are described by five linguistic expressions which are modeled by triangular fuzzy numbers. These triangular fuzzy numbers are defined on a real line in interval [0-1]. The normalized values of alternatives with respect to the criteria type are obtained by applying the normalized procedure [17] . The FPISs and FNISs of the fuzzy weighted normalized matrix are calculated by using max. and min. operators. The separation measures are calculated by using an expression for determining the distance between two triangular fuzzy numbers. The closeness coefficient which is associated with each alternative is obtained as crisp numerical data.
In [18] , the criteria weights are obtained by assessment of decision makers by consensus. The criteria weights are described by five linguistic expressions which are modeled by triangular fuzzy numbers which belong to interval [0-1] of a real set. The performance rating of alternatives with respect to each criterion is stated as a group decision making problem. Decision makers used seven linguistic expressions for the fuzzy rating of alternatives. These linguistic expressions are modeled by triangular fuzzy numbers which belong to interval [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The fuzzy performance score of each alternative is calculated by using the average value method. The normalized fuzzy alternative values are obtained by applying the linear normalization procedure [16] . FPISs and FNISs are calculated according to the procedure which is proposed in this paper. In [19] , a fuzzy TOPSIS approach based on a modified preference ratio and an efficient fuzzy distance measurement is proposed. The fuzzy rating of criteria weights and preference alternatives with respect to each criterion is performed by experts. The criteria weights can be described by nine linguistic expressions which are modeled by trapezoidal fuzzy numbers in interval [0-1]. The preference alternatives with respect to each criterion are described by linguistic expressions which are modeled by trapezoidal fuzzy numbers in interval [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The normalized values of alternatives are given by using the linear normalization procedure [16] . The FPISs and FNISs are calculated by using max. and min. operators. The fuzzy distances of each alternative from the FPISs and FNISs are known as the positive fuzzy distance (PFD) and the negative fuzzy distance Mathematical Problems in Engineering 3 (NFD). The calculation of PFD and NFD is based on using the extended fuzzy distance measurement for trapezoidal fuzzy numbers which has been proven in this paper. A novel fuzzy distance measurement method was proposed for generalized fuzzy numbers by C. Chakraborty and D. Chakraborty [20] . The ranking of alternatives with respect to all criteria and their weights is performed by applying the initial estimation method [21] . Gumus [22] presented the criteria according to which hazardous waste transportation firms are determined by a modified Delphi method. The fuzzy pairwise comparison matrix of the relative importance of criteria is stated. The vector of criteria weights is calculated by using FAHP [23] . The alternative values are described by precise numbers. The normalization of elements of the decision matrix is performed by using the normalization procedure of conventional TOPSIS. PISs and NISs are determined with respect to the weighted normalized decision matrix. The separation measures are calculated by using -dimensional Euclidean distance. The ranking of alternatives using closeness coefficients is calculated as in conventional TOPSIS. In Tadić et al. [12] , three decision makers use five linguistic expressions to describe the relative importance of each pair of treated criteria which are modeled by triangular fuzzy numbers. These triangular fuzzy numbers are defined on the common measurement scale (by analogy to AHP). The fuzzy rating of each decision maker is modeled by triangular fuzzy numbers. The aggregated values of the relative importance of each pair of criteria are given by the proposed method. The vector of criteria weights is calculated by using the extent analysis method [23] . The criteria values can be crisp and uncertain. The normalization of crisp criteria is performed according to the normalization procedure which is defined in the conventional TOPSIS method. Uncertain criteria values are described by triangular fuzzy numbers in the interval [0-1]. FPISs and FNISs are determined by using a method for the comparison of fuzzy numbers [24] . A closeness coefficient according to which a rank of alternatives is determined is calculated using a procedure defined in the conventional TOPSIS method.
In the literature there are many papers which can be found in which fuzzy TOPSIS is proposed. The main differences between the different proposed fuzzy TOPSIS approaches can be summarized in the choice of the number of linguistic expressions for the describing of uncertain variables, in the choice of membership functions and domains of fuzzy numbers for modeling of linguistic expressions, in the choice of the normalization method of the fuzzy decision matrix, in the determination of FPISs and FNISs, and in the distance calculation between fuzzy numbers and the calculation of closeness coefficients values. Most of the proposed fuzzy TOPSIS used a defuzzification method during the early or middle steps of the corresponding algorithms. It can cause some rounding error.
The aim of the proposed fuzzy TOPSIS is to obtain the organizational resilience factor that has the highest degree of satisfaction for all of the relevant business processes. The relative importance of business processes and the relative importance of organizational resilience factors with respect to each business process are modeled by triangular fuzzy numbers. The vector of criteria weights of the business processes and organizational resilience factors with respect to each business process is given by using fuzzy AHP. The organizational resilience factor values are modeled by trapezoidal fuzzy numbers. First, we convert the decision matrix into a fuzzy decision matrix with respect to organizational resilience type. The weighted fuzzy decision matrix is constructed. The elements of this matrix are calculated as multiplication of the fuzzy rating value of an organizational resilience factor and its weight with respect to each business process. Then, we define FPIS and FNIS as (1, 1, 1, 1) and (0, 0, 0, 0), respectively (by analogy with [25] ). The distance value of each resilience factor from the FPIS and FNIS is calculated by the expression developed in [26] . Finally, a closeness coefficient is determined for each organizational resilience factor by using the procedure which is proposed in the conventional TOPSIS, to determine the ranking of all organizational resilience factors. The higher value of the closeness coefficient indicates that an organizational resilience factor is closer to FPIS and further from FNIS, simultaneously. The organizational resilience factors are ranked according to decreasing order closeness coefficient values.
Evaluation Framework
The evaluation of organizational resilience factors with respect to all business processes and their weights can be stated as a multicriteria optimization task. The evaluation procedure in this paper consists of five steps as summarized in Figure 1 .
Step 1. In order to make the evaluation process effective, it is necessary to define an organization reference model which will introduce the organizational elements that are going to be the base for the resilience factors' assessment.
According to [27] an organization may be presented as a network of interrelated processes that are focused towards achieving organizational goals. In this paper, the organization reference model is represented by an interrelated network of business processes. The number, nature, and scope of business processes may depend on many factors with different significance (e.g., the economy sector, company size, or types of business activities). The assessment of organizational resilience factors should be done on the level of each defined business process.
Step 2. The identification of the organizational resilience factors that are considered as the most important for the treated organization is a very complex task and it is not distinguished by international consensus or standard definition [6] . Scholars have defined organizational resilience factors for different types of organizations [28, 29] . In this paper, each of these factors should be assessed and managed on the level of business processes defined by the organization reference model.
Step 3. After constructing the organizational resilience factors' hierarchy under each business process and constructing the hierarchy of business processes which is done by management team, the weights of the organizational resilience factors under each business process and weights of business processes by using FAHP [23] need to be calculated. A management team at the organizational level consists of main manager or owner and representatives of each business process (business process owners) because they are familiar with the processes and their condition. An assumption can be made that the management team will make a decision by consensus.
Step 4. The values of the organizational resilience factors are assessed by a management team. Modeling of the used linguistic expressions is performed by using fuzzy set theory [7, 8] .
Step 5. The conducting of the fuzzy TOPSIS method is needed to achieve the final rank of the organizational resilience factors.
Modeling of Uncertainties
It is assumed that uncertainties are described by predefined linguistic expressions. The number and type of linguistic expressions are defined by decision makers. According to Zimmermann [30] , the fuzzy sets theory could be the most appropriate way for modeling linguistic expressions. Each linguistic expression can be represented by a fuzzy number which can be assigned to a membership function.
A fuzzy set is represented by its membership function for which the parameters are shape, granularity, and location on the universe of discourse. The membership function shape of a fuzzy set can be obtained based on one's experience, the subjective belief of decision makers, intuition and contextual knowledge about the concept modeled [31] , and uncertainty available for the treated linguistic variables [32] . However, subjectivity in determining membership function has been considered as the weakest point in fuzzy sets theory [33] . In the literature, the triangular and trapezoidal fuzzy numbers are commonly used for the modeling of different types of uncertainties which offer a good compromise between descriptive power and computational simplicity. Fuzzy sets of higher types and levels have not, as yet, played a significant role in applications of fuzzy sets theory [34] . In this paper, they are used. Granularity is defined as the number of fuzzy numbers assigned to theorganizational resilience factors and their values. It is suggested that only seven categories, at most, can be used [35] . In general, the domain of fuzzy sets can be defined on different measurement scales.
It can be mentioned that a different decision on the granularity and scale of domains used could lead to different results. Because of that, it cannot ensure the objectivity of the overall decision process.
Basic Definitions of Fuzzy Sets
Theory. Some definitions of fuzzy sets presented in [36] , using notations and specific terminology of decision theory, are reviewed.
Definition 1.
Fuzzy set̃is defined as a set of organized pairs:
where fuzzy set̃is defined on the universe set ∈ . In general, set can be either finite or infinite.̃( ) is a membership function of fuzzy set̃.
Definition 2.
A fuzzy number̃is a convex normalized fuzzy set̃of the real line such that: (1) It exists exactly one 0 ∈ with̃( 0 ) = 1 ( 0 is called the mean value of̃), (2)̃( ) is piecewise continuous.
Definition 3.
Fuzzy number̃on is to be a trapezoidal fuzzy number (TrFN) if its membership functioñ( ) :
where ≤ ≤ ≤ , and stand for the lower and upper value of the support of , respectively, and and d for the modal values. The trapezoidal fuzzy number can be denoted by ( , , , ) . The support of is the set of elements { ∈ | < < }. When = = = , it is a nonfuzzy number by convention. If = theñis called a triangular fuzzy number (TFN), denoted bỹ= ( , , ), where = = . Obviously, the membership function of the TFN is
Therefore, a triangular fuzzy number is a special case of the trapezoidal fuzzy number. 
Definition 7.
The distance between two fuzzy numbers̃and which is denoted by , (⋅, ⋅) is a nonnegative function [26] . The analytic properties of , (⋅, ⋅) depend on the first parameter , 1 < < ∞. The second parameter of , (⋅, ⋅) characterizes the subjective weighted value attributed to the end points of the support of the fuzzy numbers. If there is no reason for distinguishing any side of the fuzzy numbers,
By considering two trapezoidal fuzzy numbers̃=
Modeling of the Relative Importance of Organizational
Resilience Factors and the Relative Importance of Business Processes. It can be assumed that all the organizational resilience factors are not usually of the same relative importance for the considered business processes and that the business processes of the considered enterprise have different relative importance. Also, they can be considered as unchangeable during the considered period of time (one year). The relative importance of the organizational resilience factors can be changed if strategic management defines a new business strategy. The relative importance of business processes is determined according to literature data and the results of good practice. It may be assumed that the relative importance of business processes is unchangeable during a period of time. The authors of this paper think that the judgement of each pair of treated variables best suits the nature of humandecision (by analogy with the AHP method). The use of a discrete scale of AHP is simple and easy, but it is not sufficient to take into account the uncertainty associated with the mapping of one's perception to a number [38] . It can be assumed that decision makers make the decision by consensus. The fuzzy rating of a management team is described by one of the five defined linguistic expressions.
On the other hand, the fuzzy pairwise comparison matrices are constructed of the relative importance of (1) the organizational resilience factors under each business process and (2) the business processes. The elements of these fuzzy pairwise comparison matrices are triangular fuzzy numbers. The relative importance of each pair of organizational resilience factors under each business process is described by triangular fuzzy numbers̃= ( ; , , ). In similar way the relative importance of each pair of business processes may be considered and presented by triangular fuzzy number = ( ; , , ), , = 1, . . . , ; , = 1, . . . , ; ̸ = ; ̸ = . The lower and upper bounds , , , and and modal values and , belong to the interval [1] [2] [3] [4] [5] . Value 1 indicates that the relative importance of organizational resilience factor compared to the factor and process compared to the process is equal. Value 5 indicates that factor and process are extremely more important than indicator and process , respectively.
If the strong relative importance of organizational resilience factor over organizational resilience factor under each considered business process holds, then the pairwise comparison scale can be represented by the fuzzy number̃= (̃) . . , and , = 1, . . . , ) then the relative importance of organizational resilience factor over organizational resilience factor under business process and the relative importance of business process over business process are represented by a single point 1 which is a triangular fuzzy number (1, 1, 1) .
In this paper, the management team uses five linguistic expressions which are modeled by triangular fuzzy numbers which are given in the following way: very low importance-̃1 = ( ; 1, 1, 3.5), The vector of weights of the identified organizational resilience factors under each business process and the vector of weights of the considered business processes are calculated by applying the concept of extent analysis [23] . The normalized vector of weights of the organizational resilience factors under business process is denoted by = ( , . . . , , . . . , ), = 1, . . . , and = 1, . . . , . The normalized vector of weights of the business processws is denoted by = ( 1 , . . . , , . . . , ), = 1, . . . , . and are nonfuzzy numbers and this gives the priority weights of one organizational resilience factor under business process , = 1, . . . , , respectively, and one business process over the other organizational resilience factors under business process in relation to other business processes. 
Modeling of Organizational Resilience Factor

The Proposed Fuzzy TOPSIS Algorithm
The algorithm of the proposed novel fuzzy TOPSIS is formally given as follows.
Step 1. Construct the fuzzy pairwise comparison matrix of the relative importance of business processes,̃= ( ; , , ), , = 1, . . . , , ̸ = . By using extent AHP analysis [23] the vector of weights, = [ ] 1 , = 1, . . . , , is calculated.
Step 2. Construct the fuzzy pairwise comparison matrix of the relative importance of business processes̃= ( ; , , ), , = 1, . . . , , ̸ = . By using extent AHP analysis [23] the vector of weights, = [ ] 1 , = 1, . . . , , = 1, . . . , is calculated.
Step 3. The weighted normalized fuzzy decision matrix denoted bỹis shown as
wherẽ= ⋅Ṽ , = 1, . . . , , = 1, . . . , .
Step 4. Define FPIS and FNIS according to [39] so that
Step 5. Calculate the separation measures for each organizational resilience factor i from the FPIS, + and FNIS, − using the following expressions:
Step 6. The closeness coefficient based on the distance measure can be calculated as follows:
Step 7. Rank preference order. The values , = 1, . . . , , should be sorted in decreasing order. A rank organizational resilience factor corresponds to the rank of closeness coefficients.
A Real Case Study
The proposed FTOPSIS is tested on real data given from one SME of the process industry in the Republic of Serbia. The process industry has a very significant role, overall, in SMEs of the Serbian economy (Republic Statistical Office of Serbia, 2010). The analysed organization is certified according to ISO 9001 Standard which is crucial for the reference organization model. The identified business processes are management ( = 1), marketing and sales ( = 2), design and development ( = 3), purchase ( = 4), production ( = 5), and support processes ( = 6). The considered organizational resilience factors and their values are determined according to Aleksic [29] . These resilience factors are briefly described as follows:
(1) planning strategies: associated mostly with the process of management and strategy; they should be assessed in the manner of the deployed strategies for achieving resilience; (2) the capability and capacity of internal resources: scoped to the internal processes which should be assessed in the manner of adequate management of the processing of resources and existing procedures in a time of crisis; (3) internal situation monitoring and reporting: integrated with internal processes which should be assessed in the scope of an organizational information system and assets that are dedicated to organizational awareness; (4) human factors: associated with human resources that are scoped and assessed on the level of competencies and human motivation;
(5) quality: integrated in all business processes which should be assessed in the scope of the defined quality goals and their overall monitoring and measurement; (6) external situation monitoring and reporting: associated mostly with external processes which should be assessed in the scope of information processing from outside of the organization through the information system within the organization; (7) capability and capacity of external resources: integrated with external resources which should be analysed in the scope of adequate management of process resources that are introduced from outside the organization, such as power supply or electricity; (8) design factor: integrated with the manufacturing process operations; it should be assessed in the scope of the processes' design as well as the industrial assets' design;
(9) detection potential: associated with possible deviations from process realization; its assessment should take into account the functioning of the defined procedures for detection of faults within the processes; (10) emergency response: it is scoped to the response in a time of crisis; its assessment should take into account existing procedures for organizational response which should be implemented in a time of crisis; (11) safety management system: it is associated with safety of employees and the safety of industrial assets; its assessment should take into account the functioning of defined procedures for safety of employees and the safety of industrial assets.
A fuzzy pairwise comparison matrix of the relative importance of business processes is
The fuzzy pairwise comparison matrix of the relative importance of the organizational resilience factors with respect to process management ( = 1) is 
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The fuzzy pairwise comparison matrix of the relative importance of the organizational resilience factors with respect to process marketing and sales ( = 2) is 
The fuzzy pairwise comparison matrix of the relative importance of the organizational resilience factors with respect to process design and development ( = 3) is 
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The fuzzy pairwise comparison matrix of the relative importance of the organizational resilience factors with respect to process purchase ( = 4) is
1, 1, 1 1 ] .
The fuzzy pairwise comparison matrix of the relative importance of the organizational resilience factors with respect to process production ( = 5) is ] .
The fuzzy pairwise comparison matrix of the relative importance of the organizational resilience factors with respect to support processes ( = 6) is 
By applying the procedure of the proposed fuzzy TOPSIS algorithm (Step 1 to
Step 2) the vector of weights of business processes and vector of weights of organizational resilience factors with respect to each business process are calculated as follows: 
The fuzzy rating values of resilience factors on the level of each business process are presented in Table 1 . The weighted decision matrix̃is constructed by applying the proposed Algorithm (Step 3 to Step 5) . The values of fuzzy decision matrix̃are presented in Table 2 . The closeness coefficient for each organizational resilience factor and the rank of the organizational resilience factors are determined by using the proposed algorithm (Step 6 to Step 7). The given results are presented in Table 3 .
Organizational resilience potential factors have to be monitored and improved over time because, in a time of disturbance occurring, their decreased level may lead to business catastrophe. An assessment of the organizational resilience in any organization represents an input for determining the strategy of long-term sustainability because in a time of crisis an organization must show that it is capable of functioning despite the evident negative impact. Priority of taking measures which should lead to the improvement Table 1 : Assessed values of the organizational resilience factors. of long-term sustainability of an organization is based on the rank of organizational resilience factors. In this way, the organizational resources will be saved and used effectively. The acquired result indicates that the resilience factors with the greatest impact and with the lowest impact on overall organizational resilience of considered SME are planning strategies ( = 1) and detection potential ( = 9), respectively. It is clear that planning business strategies are a very important activity that should be carried out on the organization level as well as on the business process level. The measures for the identified factor improvement should correspond to the main goals of business strategy planning and deployment. Some of them may be concentrated on setting objectives related to reducing costs and make business activities more profitable. In the treated organization, the procedures for failure detection are well defined and have been applied in everyday operations, so this organizational resilience factor does not need significant improvement.
Conclusion
The evaluation and ranking of organizational resilience factors are part of the organizational activities which must be treated permanently because in a time of crisis their decreased level may lead to catastrophe. The solution to the considered problem has a key impact on achieving and managing organizational sustainability over time.
In this paper, the novel fuzzy TOPSIS for the evaluating and ranking of organizational resilience factors is proposed. In our procedure, the rating of the relative importance of business processes, organizational resilience values, and their relative importance with respect to each business process are performed by decision makers who have used predefined linguistic expressions. These linguistic expressions have been modeled suitably using triangular and trapezoidal fuzzy numbers. The relative importance of business processes and organizational resilience factors with respect to each business process are stated by a fuzzy pairwise comparison matrix.
By using fuzzy AHP, the weights of business processes and the weights of organizational resilience factors with respect to each business process are calculated and represent the input data for the proposed fuzzy TOPSIS. It can be said that the usage of fuzzy AHP weights in fuzzy TOPSIS makes the application more realistic and reliable. The fuzzy decision matrix is converted into a fuzzy weighted decision matrix and a weighted fuzzy decision matrix is constructed with respect to the organizational resilience factor's type. FPIS and FNIS are determined by using the most commonly used technique for benefit oriented TrFNs, so that FPIS = (1, 1, 1, 1 ) and FNIS = (0, 0, 0, 0). The fuzzy distance value was used for defuzzification, determining FPIS and FNIS as the crisp values. The closeness coefficient values are calculated by using the procedure which is proposed in the conventional TOPSIS. The higher value of the closeness coefficient indicates that an organizational resilience factor is closer to FPIS and further from FNIS. These values are sorted in decreasing order. The rank of organizational resilience factors corresponds to the rank of the closeness coefficient values. The proposed procedure is illustrated by real-life data from the process industry. The outputs of the proposed novel fuzzy TOPSIS represent promising results for this real case study and this validates its efficiency.
